Humic acid (HA) could become a useful agent for removing trace amounts of Cu(II) from contaminated seawater. This study reports on the use of a thin alginate membrane (TAM) containing immobilized HA as a Cu(II) binding agent for this purpose. The removal efficiency of Cu(II) by a TAM functionalized with HA was significantly increased compared to TAM alone. In this removal method, HA extracted from hardwood bark compost was more effective in removing Cu(II) than that from peat soil.
Introduction
The frictional resistance of water against a ship hull can have critical effects on both fuel consumption and maneuverability. Accordingly, the accumulation and growth of fouling organisms can be prevented by applying antifouling paint containing a biocidal pigment on the bottom of a ship. 1 Cuprous copper oxide (Cu2O), which is a major component in antifouling paints, has been used as a biocidal cupric copper source since the 1980s. Fine antifouling paint particles are produced during ship maintenance, which can accumulate in sediment around a shipyard. 2 Consequently, the concentration of copper in seawater in the vicinity of a dockyard, which is generally located in an enclosed coastal area, has been reported to be significantly increased (ca. 0.01 -0.37 μM) compared to the value in seawater generally (ca. 0.010 ± 0.005 μM).
3 Cupric copper has an adverse effect on the growth of organisms, even when its level is low (>0.1 μM). 4, 5 The removal of Cu(II) is thus important to maintain coastal ecosystems. Even in seawater that is highly polluted with copper, the concentrations of copper are significantly lower compared with the levels of cations dissolved in natural seawater. For this reason, the removal of trace amounts of contaminating copper from seawater represents a serious difficult problem.
It is well known that humic acid (HA) can form complexes with heavy metals. [6] [7] [8] In a previous study, we reported on the successful removal of trace levels of Cu(II) from seawater by co-flocculation with HA. 9 However, the separation of Cu(II)-HA from test solutions was a laborious task, and a large amount of HA (ca. 300 -500 mg L -1 ) was required to successfully remove the Cu(II). 9 To make this method more efficient, an insoluble material should be used as the removal agent.
Despite the fact that many studies have challenged the use of HA immobilized on various water-insoluble matrices for removing heavy metals, [10] [11] [12] investigations dealing with removal performance in the case of a multi-cation system are limited. 12 Alginate membranes as an insoluble matrix for HA are easily prepared, and are able to adsorb heavy metals. 11 In addition, preparing an alginate gel or membrane is relatively simple because it does not require specific equipment, and may function as a useful matrix. In this study, the use of a thin alginate membrane (TAM) and TAM functionalized with HA (TAM-HA) was evaluated for the removal of trace amounts of Cu(II) from contaminated seawater. Because the effect of HA would depend on its origin, bark compost and peat soil were investigated as sources of HAs.
Experimental

Materials and chemicals
HAs were extracted from hardwood bark compost (SanyoChip Industry, Japan) and natural peat powder in Aberdeen shine (Rivers-Import, Japan), and then purified according to IHSS procedures. 8, 13 HAs that were extracted from the compost and peat powder have been denoted as HHA and PHA, respectively. A solution of 2,9-dimethyl-4,7-diphenyl-1,10-phenanthroline (Bathocuproine: BCP) (Sigma-Aldrich, USA) was prepared by dissolving it in chloroform at 300 μM. A 1 M aqueous solution of L(+)-ascorbic acid (Wako, Japan), which was used as a reducing agent, was freshly prepared each day. Artificial seawater, the pH of which was buffered by 0.05 M aqueous Tris-HCl at 8.00 ± 0.02, was prepared according to a previous study. 9 
Preparation of TAM
A 1% aqueous alginate solution was prepared by dissolving sodium alginate with a viscosity of 500 cps (Nacalai, Japan) in ultrapure water for more than 1 day with stirring. A 20-mL aliquot of the alginate solution and a 0 -5 mL aliquot of a HA solution (2500 mg L -1 in 0.1 M aqueous NaOH) were pipetted in a glass Petri dish (i.d. 9 cm). After mixing the solution thoroughly, the mixture was dried in a drying oven at 60 C for 12 h. Approximately 20 -30 mL of 1 M aqueous CaCl2 was then added to the dried sample, and a membrane was formed at room temperature for 2 h. CaCl2 was rinsed out with pure water, and the membrane was subsequently incubated in pure water for more than 1 h. The membrane was peeled off and cut into 2 × 4 cm sections. To remove contaminating iron, the sections were shaken in an aqueous solution consisting of 10 mM CaCl2, 50 mM ascorbic acid and 0.1 mM 1,10-phenanthroline for more than 12 h with shaking. After rinsing with pure water, the sections were used or stored as a dried form. The variation of TAM-HA is referred to as TAMm-HAn, where m and n represent the volume (mL) of the alginate solution and the HA solution added in the Petri dish, respectively. The thickness of the wet membrane was measured with a micrometer, and the thickness was determined to be 0.20 ± 0.01 mm.
Removal and quantification of Cu(II)
A 12-mL aliquot of artificial seawater and Cu 2+ (0 -10 μM) was pipetted into a 15-mL centrifugation tube, a section of TAM-HA was then added. The sample solution was shaken for an arbitrary incubation period in the dark at room temperature. After incubation, the total cupric copper in a 10-mL aliquot of solution was extracted as a complex of cuprous copper with BCP according to a previous study. 9 To concentrate and adjust the volume, the solvent was subsequently removed under a stream of N2 gas at 70 C, and the dried extract was then dissolved in 1-mL of chloroform. The concentration of the Cu(I)-BCP2 complex was determined based on the absorbance at 476 nm using a UV-vis spectrophotometer (Jasco V-630, Japan) with a 1 cm quartz window micro-cuvette. The percentage decrease in the initial concentration of Cu(II) was evaluated as the removal efficiency (RE%).
Results and Discussion
The dependency of the RE% of Cu(II) on the incubation period is shown in Fig. 1 . In the case of TAM without HA (TAM20), the value for RE% was less than 10% regardless of the incubation period. The RE% for TAM20 remained unchanged, even if the experiment was carried out in the absence of sea salts, but in the presence of 0.05 M Tris-HCl to buffer the pH at 8.00 ± 0.02, indicating that TAM20 is not capable of adsorbing Cu(II). The RE% for the TAM20-HHA5 increased, and reached the maximum value after a 24-h incubation period. This period is three times faster than that for the co-flocculation method that was reported in our previous study (72 h). 9 The RE% values slightly decreased after the 24 h incubation period. The supernatant solution turned slightly yellow, indicating that some of the HA in the TAM had leached out during the long incubation period. The leaching of HA would be one of the reasons why the RE% values had slightly decreased after the 24 h incubation period. A 24-h incubation period was thus judged to be a sufficient period for the removal method using TAM-HA, and subsequent experiments were carried out using this period.
The RE% for TAM20-HHA5 decreased from 99 to 70% with increasing [Cu(II)]initial when the initial concentration of Cu(II) ([Cu(II)]initial) was varied (0 -10 μM), consistent with results reported in a previous study. 9 These performances of TAM20-HHA5 were evaluated as the volume equilibrium distribution coefficient (D ]initial was about 600, while the value for TAM20 without HA was calculated to be about 8.3, the immobilized HA can therefore be assumed to have enhanced the removal of Cu(II), even in seawater conditions. When the experiment was carried out using just a 0.05 M tris-HCl buffer solution (pH 8.00 ± 0.02) containing 10 μM of Cu(II), the RE% value for TAM20-HHA5 reached about 96%, and the D Cu(II) value was calculated to be 1737. These results indicate that, under seawater conditions, the binding of Cu(II) to HA would be inhibited when the concentration of Cu(II) becomes high. It is known that HA contains various metal binding sites that can bind Cu(II) both strongly and weakly. The high Cu(II) removal ability for the TAM20-HA5 under seawater conditions can be attributed to the concentration of specific binding sites favorable for binding Cu(II), such as phthalic-, phenolic hydroxylic-and N-containing ) were calculated using the corresponding average values of RE%.
binding sites, such as amine groups. 7, 15 After the specific strong binding sites were occupied, excess Cu(II) would then bind to weak sites in competition with other cations, such as Ca 2+ and Mg 2+ contained in seawater. Therefore, the RE% for TAM-HA in seawater would largely depend on the amount of the strong binding sites, rather than their total ion exchange capacity.
The RE% values as a function of the origin and amount of added HA to TAM20 are summarized in Table 2 . The RE% significantly increased with increasing amount of HA that was added to the TAM20. The effect of HA was dependent on, not only the amount added, but also on the origins of the HA. In the case of TAM20-PHA1-5, the RE% value did not reach more than 70%, even when the amount added was 5 mL, and amount in the case of HHA reached about 90% ( Table 2 ). The major components of PHA were aliphatic structures, such as n-alkanes and fatty acids, 9,16 which would not be expected to bind Cu. In contrast, the structural features of HHA include higher contents of aromatic and amine containing structures. 9 The differences in RE% values between TAM20-HHA1-5 and TAM20-PHA1-5 can be attributed to their structural features, which are largely dependent on their origin. 8 Hardwood bark chips contain a large amount of lignin that becomes a source of highly substituted aromatic compounds. 8 In addition, amino acids were added to the reactor during the composting process, thereby the aromaticity and amine contents in HA were increased by humification. 8 Peat soils are likely to lack aromatic structures because their sources, which are generally grasses and aquatic weeds, are not rich in lignin, and humification would be inhibited under wetland conditions. 8, 16 HA derived from peat soil would thus be unfavorable for use in removing Cu(II) under seawater conditions. This study concluded that TAM-HA would be a useful membrane for the removal of Cu(II) from contaminated seawater. TAM-HA is an insoluble form; Cu(II) bound to TAM-HA can thus be easily removed from seawater. The performance of the TAM-HA system could be enhanced by the use of phenolic-and amine-rich HA as agents for binding Cu(II). a. The ratio of the volume of alginate and HA solution added in preparing TAM-HA (mL/mL).
